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(54) PRODUCTION OF MAGNETIC MATERIAL, AND MAGNETIC MATERIAL AND BOND MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a producing method of a 
magnetic material with high magnetic characteristic and excellent 
corrosion resistance, and magnetic material and a bond magnet. 
SOLUTION: A quenched strip producing apparatus 1 is provided with 
a cylindrical body 2, a coil 4 for heating and a cooling roll 5 to rotate 
against the cylindrical body 2. At the lower end of the cylindrical 
body 2. a nozzle 3 for injecting molten metal 6 of magnetic material 
is formed. The molten metal 6 is injected from the nozzle 3 in inert 
gas (atmospheric gas) such as helium gas. and is made to collide 
against the circumferential surface 53 of the rotating cooling roll 5 
and quenched to be a quenched strip 8. In such a case, flow of 
atmospheric gas caused by rotation of the cooling roll 5 is 
developed. This quenched strip 8 is produced under such condition 
that Reynold's number becomes <1000 at a position near a paddle 7 
of the gas flow. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the magnet material which injects a molten metal of a magnet 
material from a nozzle, make collide with a peripheral surface of a cooling roller which is rotating to said 
nozzle, and carries out cooling solidification in a controlled atmosphere, is the manufacture method of a 
magnet material of manufacturing a thin band-like magnet material, and is characterized by to make or less 
into 1000 the Reynolds number in a part which collided said molten metal of a gas stream which originates 
in a revolution of said cooling roller and is generated. 

[Claim 2] A manufacture method of a magnet material according to claim 1 that peripheral velocity of said 
cooling roller is 1-60m/second, 

[Claim 3] A manufacture method of a magnet material according to claim 1 or 2 that the maximum 
eccentricity of a cooling roller peripheral surface accompanying a revolution of said cooling roller is 2 
double less or equal of average thickness of a thin band-like magnet rhaterial obtained. 
[Claim 4] Said controlled atmosphere is the manufacture method of a magnet material according to claim 1 
to 3 which is inert gas. 

[Claim 5] Said inert gas is the manufacture method of a magnet material according to claim 4 which is 
gaseous helium. 

[Claim 6] Said magnet material is the manufacture method of a magnet material according to claim 1 to 5 
which is an alloy containing R (however, at least one sort in rare earth elements with which R contains Y). 
[Claim 7] Said magnet material is the manufacture method of a magnet material according to claim 1 to 5 
which is an alloy containing R (however, at least one sort in rare earth elements with which R contains Y), 
and TM (however, TM, at least one sort in transition metals) and B. 

[Claim 8] A thin band-like magnet material characterized by being manufactured by the manufacture 
method of a magnet material according to claim 1 to 7. 

[Claim 9] A thin band-like magnet material according to claim 8 whose rate of area which huge 2000- 
micrometer two or more dimples occupy [ area ] in the contact surface with said cooling roller is 8% or less. 
[Claim 10] A thin band-like magnet material according to claim 8 or 9 whose diameter [ in / on the cohtact 
surface with said cooling roller and / in area / portions other than huge 2000 micrometer two or more 
dimples ] of average crystal grain is 50nm or less. 

[Claim 1 1] A magnet material of the shape of powder characterized by having ground a magnet material 
according to claim 8 to 10, and supposing that it is powdered. 

[Claim 12] A bond magnet characterized by coming to join a magnet material of the shape of powder 
according to claim 11 together by joint resin. 

[Claim 13] A bond magnet according to claim 12 whose content of a magnet material of the shape of said 
powder is 82 - 99.5wt%. 

[Claim 14] Coercive force iHc A bond magnet according to claim 12 or 13 which is 0.35 or more MA/m. 
[Claim 15] A magnetic energy product (BH) max 50 kJ/m3 A bond magnet according to claim 12 to 14 
which it is above. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacture method, magnet 

material, and bond magnet of a magnet material. 

[0002] 

[Description of the Prior Art] Since the rare earth magnet material which consists of alloys containing rare 
earth elements as a magnet material has high magnetic properties, when used for a motor etc., it 
demonstrates high performance. 

[0003] Such a magnet material is manufactured by the quenching method which used for example, the 
quenching thin band manufacturing installation. This manufacture method is as follows. 
[0004] Fuse the magnet material (henceforth ain "alloy") of a predetermined alloy presentation, inject the 
molten metal from a nozzle, and it is made to collide with the peripheral surface of the cooling roller which 
is rotating to a nozzle, and by making this peripheral surface contact, it quenches, an alloy is solidified and 
a thin band-like (the shape of a ribbon) alloy is formed continuously. As a result of calling this thin band- 
like alloy a quenching thin band and being solidified with a quick cooling rate, that macrostructure is in the 
condition that detailed polycrystals gathered, and demonstrates outstanding magnetic properties. 
[0005] Here, since magnetic properties would fall if rare earth elements oxidize, it is [ rare earth elements ] 
easy and it oxidizes, manufacture of said quenching thin band was performed mainly in argon gas: 
[0006] Therefore, although it originates in a revolution of a cooling roller and the gas stream of argon gas 
occurs This gas stream to the flank of a paddle (basin produced to the part to which the molten metal 
injected from = nozzle collided with the peripheral surface of a cooling roller) A surroundings lump. The part 
invades between the peripheral surface of a cooling roller, and the roll side (field in contact with the 
peripheral surface of a cooling roller) of a quenching thin band, and a huge dimple (huge crevice) arises in 
the roll side of a quenching thin band owing to this. 

[0007] If this huge dimple arises, in a huge dimple portion, a poor contact with the peripheral surface of a 
cooling roller will arise by gaseous inclusion, a cooling rate will fall, and rapid coagulation will be barred. 
Therefore, by the part which the huge dimple produced, the diameter of crystal grain of an alloy makes it 
big and rough, and magnetic properties fall. 

[0008] Therefore, lowering of magnetic properties is similarly seen for the permanent magnet manufactured 
using the quenching thin band containing the portion of such low magnetic properties, and corrosion 
resistance also falls. 
[0009] 

[Problem(s) to be Solved by the Invention] The object of this invention is to offer the manufacture method, 
magnet material, and bond magnet of the magnet material which high magnetic properties are acquired and 
is excellent in corrosion resistance. 
[0010] 

[Means for Solving the Problem] this invention person resulted in a header and this invention depending for 
a degree of generating of a huge dimple on the Reynolds number in near the paddle of a gas stream of a 
controlled atmosphere (part where a molten metal of a magnet material collided), as a result of changing 
various the monograph affairs and conducting a repeat experiment paying attention to generating of a huge 



dimple to a roll side of a quenching thin band relating to manufacture conditions of a quenching thin band. 
[0011] That is, this invention is as being shown in following the (1) - (15). 

[0012] (1) The manufacture method of the magnet material' which injects a molten metal of a magnet 
material from a nozzle, make collide with a peripheral surface of a cooling roller which is rotating to said 
nozzle, and carries out cooling solidification in a controlled atmosphere, is the manufacture method of a 
magnet material of manufacturing a thin band-like magnet material, and is characterized by to make or less 
into , 1000 the Reynolds number in a part which collided said molten metal of a gas stream which originates 
in a revolution of said cooling roller and is generated. 

[0013] (2) A manufacture method of a magnet material given in the above (1) whose peripheral velocity of 
said cooling roller is 1-60m/second. 

[0014] (3) The above (1) whose maximum eccentricity of a cooling roller peripheral surface accompanying a 
revolution of said cooling roller is 2 double less or equal of average thickness of a thin band-like magnet 
material obtained, or a manufacture method of a magnet material given in (2). 

[0015] (4) Said controlled atmosphere is the manufacture method of a magnet material the above (1) which 
is inert gas thru/or given in either of (3). 

[0016] (5) Said inert gas is the manufacture method of a magnet material given in the above (4) which is 
gaseous helium. 

[0017] (6) Said magnet material is the manufacture method of a magnet material the above (1) which is an 
alloy containing R (however, at least one sort in rare earth elements with which R contains Y) thru/or given 
in either of (5). 

[0018] (7) Said magnet material is the manufacture method of a magnet material the above (1) which is an 
alloy containing R (however, at least one sort in rare earth elements with which R contains Y), and TM 
(however, TM, at least one sort in transition metals) and B thru/or given in either of (5). 
[0019] (8) A thin band-like magnet material characterized by being manufactured by the manufacture 
method of a magnet material the above (1) thru/or given in either of (7). 

[0020] (9) A thin band-like magnet material given in the above (8) whose rate of area which huge 2000- 
micrometer two or more dimples occupy [ area ] in the contact surface with said cooling roller is 8% or less. 
[0021] (10) The above (8) whose diameter [ in / on the contact surface with said cooling roller and / in 
area / portions other than huge 2000 micrometer two or more dimples ] of average crystal grain is 50nm or 
less, or a thin band-like magnet material given in (9). 

[0022] (11) A magnet material of the shape of powder characterized by having ground the above (8) thru/or 
a magnet material given in either of (10). and supposing that it is powdered, 

[0023] (12) A bond magnet characterized by coming to combine a magnet material of the shape of powder 
of a publication with the above (1 1) by joint resin. 

[0024] (13) A bond magnet given in the above (12) whose content of a magnet material of the shape of said 
powder is 82 - 99.5wt%. 

[0025] (14) Coercive force IHc The above (12) which is 0.35 or more MA/m, or bond magnet given in (13). 
[0026] (15) Magnetic energy product (BH) max 50 kJ/m3 The above (12) which it is above thru/or bond 
magnet given in either of (14). 
[0027] 

[Embodiment of the Invention] Hereafter, the manufacture method, magnet material, and bond magnet of 
the magnet material of this invention are explained to details, referring to an accompanying drawing. 
[0028] The perspective diagram showing the example of a configuration of the equipment (quenching thin 
band manufacturing installation) to which drawing 1 manufactures the magnet material of this invention by 
the single rolling method, and drawing 2 are the cross-section side elevations showing the condition near 
the collision part to the cooling roller of the molten metal in the equipment shown in drawing 1 . 
[0029] As shown in drawing 1 , the quenching thin band manufacturing installation 1 is equipped with the 
barrel 2 which can contain a magnet material, and the cooling roller 5 which rotates in the direction of 
drawing Nakaya mark A to this barrel 2. The nozzle (orifice) 3 which injects the molten metal of a magnet 
material is formed in the soffit of a barrel 2. 



* [0030] Moreover, by arranging the coil 4 for heating at an about three nozzle [ of a barrel 2 ] periphery, and 
impressing a RF to this coil 4, the inside of a barrel 2 is heated (induction heating), and the magnet material 
in a barrel 2 is changed into a melting condition. 

[0031] The cooling roller 5 consists of a base 51 and a surface layer 52 which forms a roll peripheral 
surface. It is desirable to consist of metallic materials with high thermal conductivity like copper or a 
copper system alloy, and, as for a surface layer 52, it is [ a base 51 ] desirable to consist of metallic 
nriaterials with thermal conductivity lower than the metallic material which has thermal conductivity 
equivalent to a base 51. or a base 51. Thereby, the difference of the cooling rate by the side of the roll side 
81 of the quenching thin band 8 and the free side (field of the side which does not contact a cooling roller 
5) 82 can be made smaller, and equalization of the diameter of crystal grain can be attained. 
[0032] Such a quenching thin band manufacturing installation 1 is installed in a chamber (not shown), and 
operates in the condition of having filled up with inert gas or other controlled atmospheres in this chamber. 
In order to prevent oxidation of the quenching thin band 8 especially, as for a controlled atmosphere, it is 
desirable that it is inert gas. As inert gas. although argon gas, gaseous helium, nitrogen gas, etc. are 
mentioned, for example, especially gaseous helium is desirable. The reason is mentioned later. 
[0033] When it heats with a coil 4. it fuses and the molten metal 6 is injected from a nozzle 3, as it pays 
magnet ingredients in a barrel 2, and it is shown in drawing 2 by the quenching thin band manufacturing 
installation 1, after colliding with the peripheral surface 53 of a cooling roller 5 and forming a paddle (cold 
slug well) 7. it is cooled quickly, and it is solidified, a molten metal 6 being dragged by the peripheral surface 
53 of the rotating cooling roller 5, and is formed continuously [ the quenching thin band 8 ] or intermittently. 
Thus, soon, the roll side 81 separates from a peripheral surface 53, and the formed quenching thin band 8 
runs in the direction of arrow head B in drawing 1 . In addition, a dotted line shows the coagulation 
interface 71 of a molten metal among drawing 2 . 

[0034] Although the suitable range changes with the presentation of an alloy molten metal, conditions of a 
peripheral surface 53, etc., as for the peripheral velocity of a cooling roller 5, it is desirable that it is 1- 
60m/second. and it is usually more desirable that it is 5-40m/second. If the peripheral velocity of a cooling- 
roller 5 is too slow, the diameter of crystal grain will increase, if the peripheral velocity of a cooling roller 5 
is too quick conversely, it will become amorphous and. in any case, magnetic properties will fall. 
[0035] In manufacture of the quenching thin band using such a quenching thin band manufacturing 
installation 1. it originates in a revolution of a cooling roller 5, and the gas stream 10 of a controlled 
atmosphere occurs around a paddle 7 (part where the molten metal 6 collided with the peripheral surface 
53). In this invention, the Reynolds number (Re) of this gas stream 10 is made or less into 1000, and it 
carries out to 900 or less preferably, and carries out to ten to about 700 more preferably. 
[0036] By making the Reynolds number below into said upper limit, it is presumed that it will be in the 
condition that the gas stream (gas viscous flow) 10 of the paddle 7 circumference shows drawing 3 , 
trespass of the gas stream of a between [ the peripheral surface 53 of a cooling roller 5 and the roll sides 
81 of the quenching thin band 8 ] is controlled, and the formation of the huge dimple 9 to the roll side 81 is 
considered to be prevented or controlled. Thereby, it is cooled with a quick cooling rate, big and rough- 
ization of crystal grain is prevented, and, therefore, magnetic properties (flux density, coercive force, 
square shape nature, etc.) of the quenching thin band 8 improve. 

[0037] On the other hand, if said Reynolds number exceeds said upper limit, the gas stream (gas viscous 
flow) 10 of the paddle 7 circumference will produce turbulence (eddy style), as shown in drawing 4 , and.it 
will invade between the peripheral surface 53 of a cooling roller 5, and the roll side 81 of the quenching thin 
band 8, and this will be considered that the huge dimple 9 is formed in the roll side 81 owing to. Since a 
poor contact with a peripheral surface 53 arises, heat transfer is checked by this and a cooling rate falls, in 
the portion of the huge dimple 9, big and rough-ization of crystal grain produces the quenching thin band 8, 
and magnetic properties (flux density, coercive force, square shape nature, etc.) fall. 
[0038] When a bond magnet is manufactured using the magnet powder obtained from the portion of the 
huge dimple 9 of the quenching thin band 8, moreover, such magnet powder Although it is bad, therefore 
this bond magnet has a low mechanical strength and affinity (wettability of joint resin) with joint resin 



becomes that in which thermal stability (thermal resistance) and corrosion resistance are inferior Like this 
invention, when generating of the huge dimple 9 is controlled, such a problem is solved and the bond 
magnet which is excellent in thermal resistance and corrosion resistance with a high mechanical strength is 
obtained. 

[0039] Next, the definition of the Reynolds number is explained. 

[0040] The Reynolds number (Re) in this description is the value which took into consideration the width of 

face (width of face of a paddle 7) of the quenching thin band 8 as an objective representation size, and is 

expressed with a degree type (I). 

[0041] 

[Equation 1] 
V • w 

R e = — • • • I 



[0042] The width of face of the quenching thin band 8 (= paddle 7) which is the body with which v 
interrupts the rate of flow of a controlled atmosphere (gas stream 10) among a formula (I), and w interrupts 
a controlled atmosphere here, and nu are the coefficients of kinematic viscosity of a controlled atmosphere. 
It can ask for v by flow visualization. 

[0043] Furthermore, since ideal gas approximation of the controlled atmosphere is carried out, the 
Reynolds number (Re) can be expressed with a degree type (II). 
[0044] 
[Equation 2] 
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[0045] Here, for the molecular weight of a controlled atmosphere, and eta, the coefficient of viscosity of a 
controlled atmosphere and T are [ M / the pressure [Pa] of a controlled atmosphere and R of the 
temperature [K] of a controlled atmosphere and P ] gas constants among a formula (II). 
[0046] In addition, when a controlled atmosphere is inert gas, said Reynolds number changes according to 
the class of the gas. Even when other parameters are completely the same as for this, it is because M/eta 
in a formula (II) differs. For example, when argon gas is compared with gaseous helium, M/eta of argon gas 
is about 1800, M/eta of gaseous helium is about 200 and M/eta is overwhelmingly smaller [ gaseous 
helium ]. Therefore, it has the advantage of being easy to make the Reynolds number small, by using 
gaseous helium. If it puts in another way, when making the Reynolds number or less into 1000 by using 
gaseous helium as a controlled atmosphere, there is an advantage that the larger tolerance of other 
conditions can be taken (for example, set up v, w. and P in a formula (II) more greatly). 

[0047] By the way, in the quenching thin band manufacturing installation 1. a cooling roller 5 faces rotating, 
and as shown in drawing 5 , some eccentricity (axial deflection) arises from the dimensional accuracy 
(roundness) of cooling roller 5 the very thing, the installation precision over the bearing of a cooling roller 5, 
etc. If this eccentricity is large, the front face and the coagulation interface 71 of a melting alloy in a 
paddle 7 vibrate, fluctuation will arise in the size (width efface w. thickness t) of the obtained quenching 
thin band 8, or fluctuation will arise in the time amount to which the roll side 81 of the quenching thin band 
8 touches the peripheral surface 53 of a cooling roller 5. Furthermore, the incidence rate of a huge dimple 
also increases. Consequently, the cooling rate of the quenching thin band 8 etc. is changed, and variation 
arises in magnetic properties. And as for the bond magnet using the magnet powder and it which were 
obtained from such a quenching thin band 8, magnetic properties fall. 

[0048] In order to prevent such a thing, it is desirable to make maximum eccentricity deltaR (to refer to 
drawing 5 ) of the peripheral surface 53 of the cooling roller 5 accompanying a revolution of a cooling roller 
5 into 2 double less or equal of average thickness t of the quenching thin band 8 which can be obtained by 
this invention, considering as 1.5 or less times is more desirable, and considering as 1 or less time is still 
more desirable. Thereby, the magnetic properties of the obtained quenching thin band 8 can be made more 



into homogeneity. And the magnetic properties of the bond magnet manufactured from this can be raised. 
Especially, in this invention, outstanding magnetic properties are demonstrated according to the synergistic 
effect of specifying such maximum eccentricity deltaR and specifying the Reynolds number mentioned 
above. 

[0049] Here, especially the lower limit of maximum eccentricity deltaR is the limit of the precision of the 

bearing which supports the limit of the process tolerance of the peripheral surface 53 of a cooling roller 5. 

and a cooling roller 5 although not limited to 0.1 micrometers. It can consider as a degree. 

[0050] In addition, maximum eccentricity deltaR can be measured with precision sizer vessels, such as for 

example, a laser displacement gage, an electrostatic displacement gage, and a precision gage. 

[0051] As a magnet material in this invention, it is R (however, R). The alloy containing at least one sort in 

the rare earth elements containing Y, especially R (however, R) A rare earth magnet material like the alloy 

containing at least one sort in the rare earth elements containing Y, and TM (however, TM, at least one 

sort in transition metals) and B is mentioned, and the thing of a presentation of following [1] - [4] is 

desirable. 

[0052] [1] What makes a fundamental component the rare earth elements which are mainly concerned with 
Sm, and the transition metals which are mainly concerned with Co (henceforth a Sm-Co system alloy). 
[0053] [2] What makes a fundamental component the transition metals which are mainly concerned with R 
(however, at least one sort in the rare earth elements with which R contains Y), and Fe, and B (henceforth 
a R-Fe-B system alloy). 

[0054] [3] What makes a fundamental component the rare earth elements which are mainly concerned with 
Sm, the transition metals which are mainly concerned with Fe, and the element between grids which is 
mainly concerned with N (henceforth a Sm-Fe-N system alloy). 

[0055] [4] What makes a fundamental component transition metals, such as R (however, at least one sort 
in the rare earth elements with which R contains Y), and Fe, and has a magnetic phase on nano meter level 
(nano crystal magnet). 

[0056] As a typical thing of a Sm-Co system alloy, SmCo5 and Sm2 TM1 7 (however, TM, transition metals) 
are mentioned. 

[0057] As a typical thing of a R-Fe-B system alloy, a Nd-Fe-B system alloy, a Pr-Fe-B system alloy, a 
Nd-Pr-Fe-B system alloy, a Ce-Nd-Fe-B system alloy, a Ce-Pr-Nd-Fe-B system alloy, the thing that 
replaced a part of Fe in these with other transition metals, such as Co and nickel, are mentioned. 
[0058] It is Sm2 Fe17N3 which nitrided and produced Sm2 Fe17 alloy as a typical thing of a Sm-Fe-N 
system alloy. It is mentioned. 

[0059] as said rare earth elements, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb. Dy, Ho, Er, Tm, Yb, Lu, and a 
misch metal mention — having — these — one sort — or two or more sorts can be included, moi^eover, 
Fe, Co, nickel, etc. mention as said transition metals — having — these — one sort — or two or more 
sorts can be included. Moreover, in order to raise magnetic properties, in a magnet material, B, aluminum, 
Cu, Ga, Si, Ti, V. Ta, Zr, Nb, Mo, Hf, Ag, Zn, P, germanium, etc. can also be contained if needed. 
[0060] In the roll side 81, even if the huge dimple 9 does not exist or the quenching thin band (thin band- 
like magnet material) 8 of this invention obtained by the above manufacture methods exists, the rate of 
area is small. That is, in the roll side 81, the rate of area which the huge 2000-micrometer two or more 
dimples 9 occupy is 8% or less preferably, and area is 5% or less more preferably, and is 3% or less still more 
preferably. 

[0061] Moreover, as for the quenching thin band 8, it is desirable that the diameter [ in / in area / portions 
other than 2000 micrometer huge two or more dimple 9 ] of average crystal grain is 50nm or less, and it is 
more desirable that it is 30nm or less. Thereby, outstanding magnetic properties are demonstrated. 
[0062] Especially average thickness t of the quenching thin band 8 is 10-50 micrometers, although not 
limited. A degree is desirable and it is 15-40 micrometers. A degree is more desirable. When this average 
thickness t is too large, big and rough-ization of crystal grain may become remarkable, magnetic properties 
may deteriorate, and if too small, productivity will worsen. 

[0063] By grinding the above quenching thin bands 8, the magnet material (magnet powder) of the shape of 



powder of this invention is obtained. 

[0064] Especially the method of grinding is not linnited, for example, can be performed using various grinding 
equipments, such as a ball mill, a vibration mill, a jet mill, and a pin mill, and shredding equipment. In this 
case, grinding can also be performed in a non-oxidizing atmosphere like [ under a vacuum or a reduced 
pressure condition (for example, 1x10-1 - 1x10-6 Torr) or in inert gas, such as nitrogen gas argon gas, and 
gaseous helium. ], in order to prevent oxidation. 

[0065] A different thing only not only in the thing of the same presentation which mixed the magnet powder 
of two or more sorts of presentations is sufficient as such magnet powder. For example, what mixed at 
least two sorts in the thing of a presentation of aforementioned [1] - [4] is mentioned. In this case, it can 
have the advantage of each magnet powder to mix simultaneously, and more excellent magnetic 
properties can be acquired easily. 

[0066] Moreover, in the case of the thing for manufacture, especially the mean particle diameter of magnet 
powder is 0.5-60 micrometers about the bond magnet later mentioned although not limited. A degree is 
desirable and it is 1-40 micrometers. A degree is more desirable. Moreover, in order to obtain the good 
moldability at the time of shaping by a small amount of joint resin which is mentioned later, the particle size 
distribution of magnet powder has that desirable which is distributed to some extent (there is variation). 
The void content of the obtained bond magnet can be reduced by this, the mechanical strength of a bond 
magnet can be raised more, and magnetic properties can be improved further. 

[0067] In addition, the mean particle diameter may differ for every presentation of different magnet powder 
case [ powder ] and mixed although the magnet powder of two or more sorts of presentations was mixed. 
Moreover, what is necessary is to just be manufactured by the method of different this invention which at 
least one sort in the magnet powder of two or more sorts of presentations mentioned above in the case of 
such mixed powder. 

[0068] Moreover, the magnet material of the shape of powder of this invention is not limited to what is 
used for manufacture of a bond magnet, for example, may be used for manufacture of a sintered magnet. 
[0069] Next, the bond magnet of this invention is explained. 

[0070] The bond magnet of this invention comes to join the above-mentioned magnet powder together by 
joint resin. 

[0071] As joint resin (binder), any of thermoplastics and thermosetting resin are sufficient. 
[0072] As thermoplastics, for example A polyamide (example: nylon 6. Nylon 46, Nylon 66. Nylon 610, Nylon 
612, Nylon 11. Nylon 12, Nylon 612, nylon 6 -66), Liquid crystal polymers, such as thermoplastic polyimide 
and aromatic polyester, polyphenylene oxide. Polyolefines, such as polyphenylene sulfide, polyethylene, 
polypropylene, and an ethylene-vinylacetate copolymer, Denaturation polyolefine, a polycarbonate, 
polymethylmethacrylate. Polyester, such as polyethylene terephthalate and polybutylene terephthalate. The 
copolymer which is mainly concerned with these, a blend object, a polymer alloy, etc. are mentioned, and a 
polyether, a polyether ether ketone, polyether imide, polyacetal, etc. can mix and use 1 of sorts of these, 
and two sorts or more. 

[0073] Also among these, especially the moldability is excellent, and since the mechanical strength is high, 
that which is mainly concerned with a liquid crystal polymer and polyphenylene sulfide from the point of a 
polyamide and heat-resistant improvement is desirable. Moreover, these thermoplastics is excellent also in 
kneading nature with magnet powder. 

[0074] Such thermoplastics has the advantage that selection wide range like what thought the moldability 
as important, and the thing which thought thermal resistance and a mechanical strength as important is 
attained by the class, copolymerization-ization. etc. 

[0075] On the other hand, as thermosetting resin, various epoxy resins, such as a bisphenol mold, a novolak 
mold, and a naphthalene system, phenol Yesin. a urea resin, melamine resin, polyester (unsaturated 
polyester) resin, polyimide resin, silicone resin, polyurethane resin, etc. are mentioned, and 1 of sorts of 
these and two sorts or more can be mixed and used, for example. 

[0076] From the point of especially the moldability being excellent also among these, and a mechanical 
strength being high and excelling in thermal resistance, an epoxy resin, phenol resin, polyimide resin, and 



silicone resin are desirable, and especially an epoxy resin is desirable. Moreover, these thermosetting resin 
is excellent also in kneading nature with magnet powder, and the homogeneity of kneading. 
[0077] In addition, the thing of a solid [ thing / liquefied ] (powdered) is sufficient as the thermosetting 
resin (un-hardening) used at a room temperature. 

[0078] Such a bond magnet of this invention is manufactured as follows, for example. Magnet powder, joint 
resin, and the constituent for bond magnets (compound) that contains additives (an anti-oxidant, lubricant, 
etc.) if needed are manufactured, and it fabricates in a desired magnet configuration all over a magnetic 
field or a non-magnetic field by methods, such as compression molding, extrusion molding, and injection 
molding, using this constituent for bond magnets. When joint resin is thermosetting resin, it is hardened 
with heating etc. after shaping. 

[0079] As for the content of the magnet powder in a bond magnet, it is desirable that it is about 82- 
99.5wt%,.and it is more desirable that it is about 90-9 9 wt%. Although the bond magnet was especially 
manufactured by compression molding, as for the content of magnet powder, to a case, it is desirable that 
it is about 93-99.5wt%, and it is more desirable to it that it is about 95--99wt%. 

[0080] If improvement in magnetic properties (especially magnetic energy product) cannot be aimed at if 
there are too few contents of magnet powder, and there are too many contents of magnet powder, the 
content of joint resin will decrease relatively and a moldability will fall. 

[0081] Such a bond magnet of this invention demonstrates outstanding magnetic properties from the 
property of the quenching thin band 8 used as the raw material mentioned above, the numerousness of the 
manufacture conditions of a bond magnet, and the contents of the magnet powder contained in a bond 
magnet, etc. 

[0082] That is, the bond magnet of this invention is coercive force IHc. 0.35 or more MA/m is 0.50 or more 
MA/m more preferably. 

[0083] The bond magnet of this invention, especially the bond magnet fabricated all over the non-magnetic 
field are magnetic energy (product BH) max. They are 50 kJ/m3 preferably. They are 70 kJ/m3 more 
preferably above. It is above. 

[0084] the configuration of the bond magnet of this invention, especially a size. etc. are limited — not 
having ~ for example, a configuration — being related — cylindncar and a prismatic form — the thing of 
all configurations, such as cylindrical (the shape of a ring), circular, plate-like, and bow tabular, is possible, 
and the thing of all magnitude is possible also for the magnitude from a large-sized thing to a micro thing. 
[0085] 

[Example] Hereafter, the concrete example of this invention is explained. 

[0086] (Example 1) The hardener ingot as which an alloy presentation is expressed in Nd13Febal.Co six 
B5.5 (presentation A) was cast by using each metal and Fe-B alloy of Nd, Fe, and Co of 99.9% or more of 
purity as a raw material. About 15g sample was started from this ingot. 

[0087] The quenching thin band manufacturing installation 1 of a configuration of being shown in drawing 1 
was prepared, and said sample was put in in the quartz tube which prepared the nozzle (circular hole 
orifice) in the pars bastlaris ossis occipitalis. After deaerating the inside of the chamber by which the 
quenching thin band manufacturing installation 1 is contained, inert gas (argon gas, gaseous helium) was 
introduced, and it considered as the desired temperature T and the ambient atmosphere of a pressure P. 
[0088] Then, the ingot sample in a quartz tube was fused by high-frequency induction heating, this molten 
metal was injected by the differential pressure of the internal pressure of a quartz tube, and ambient 
pressure towards the peripheral surface of the cooling roller with a diameter [ of 200mm ], and a width of 
face of 20mm which rotates by 1500rpm (peripheral velocity : 15.7m/(second)). and the quenching thin 
band of the alloy of presentation A was obtained. In addition, the surface layer of a cooling roller was made 
into the copper (5mm in thickness) thing. 

[0089] moreover, the place which measured maximum eccentricity deltaR of the cooling roller peripheral 
surface by revolution of a cooling roller with the laser displacement gage — deltaR=10micrometer it was . 
[0090] Moreover, ambient temperature T was measured with the thermo sensor (thermocouple) set in the 
chamber at this time. 



[0091] Various conditions, such as a diameter of an orifice and injection pressure (differential pressure), 
were changed, and the quenching thin band of seven samples A1-A7 shown in the following table 1 was 
manufactured, moreover, deltaR=50micrometer it is 0 2t) — except was exchanged for the same cooling 
roller and manufactured the quenching thin band of a sample A8 on the almost same conditions as a 
sample A6..It is as the Reynolds number of the gas stream of the controlled atmosphere near a paddle 
being shown in a table 1 about each sample. 

[0092] In addition, the width of face w of each quenching thin band and thickness t were measured with the 
microscope in the point of measurement of five or more per one sample, and were taken as the value which 
averaged this, respectively. 

[0093] Each numeric value about the quenching thin band of the produced samples A1-A8 is shown in the 
following table 1. 

[0094] Moreover, about each quenching thin band, the roll side was observed with the scanning, electron . 
microscope (SEM), and image analysis was performed further. From the result of image analysis, the rate of 
area which the with a 2000-micrometer area [ or more 2 ] huge dimple (only henceforth a "huge dimple") 
to a roll side occupies was computed. The result is also collectively shown in a table 1. 
[0095] 
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[0096] As shown in a table 1, the rate of area which a huge dimple all occupies about the quenching thin 
band of the sample Al whose Reynolds number is 1000 or less - A5 was 5% or less. Especially, when the 
value was still lower when the Reynolds number is 900 or less, and the Reynolds number was 700 or less, 
the huge dimple was not generated at all. 

[0097] On the other hand, by the samples A6-A8 by which a Reynolds number exceeds 1000. the rate of 
area which a huge dimple occupies exceeded 8%. In this case, the rate of area to which a huge dimple 
occupies [ maximum eccentricity deltaR of a cooling roller peripheral surface ] the large sample A8 
compared with a sample A6 is increasing further. 

[0098] Next, the diameter of average crystal grain in portions other than a huge dimple was measured by 
methods, such as an image processing, from the organization observation result by TEM about each 
quenching thin band of samples A1-A8. Moreover, magnetic properties (coercive force iHc and magnetic 
energy (product BH) max) were measured by VSM. These results are shown in the following table 2. 
[0099] 
[A table 2] 
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[0100] As shown in a table 2, high magnetic properties are acquired by each about the quenching thin band 
of the sample Al whose Reynolds number is 1000 or less - A5. When the value is still higher especially 
when the Reynolds number is 900 or less, and the Reynolds number is 700 or less, coercive force is [ 0.85 
or more MA/m and ] magnetic energy (product BH) max. 130 kJ/m3 The very high value was indicated to 
be the above. 

[0101] On the other hand, the samples A6-A8 in which the Reynolds number exceeds 1000 were what is 
inferior in magnetic properties compared with a sample A1 - A5. In this case, compared with a sample A6, 
as for the large sample AS, magnetic properties are falling [ maximum eccentricity deltaR of a cooling roller 
peripheral surface ] further. 

[0102] (Example 2) except for having used the sample which cast the ingot of the presentations C, and 
D shown in a table 3, and was started from these ingots — an example 1 — being the same (however, 
deltaR=15micrometer) — it carried out and 1 1 sorts of quenching thin bands were manufactured. 
[0103] - ^ ' 
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[0104] The rate of area which a Reynolds number and a huge dimple occupy like the above about these 
was computed. The value is shown in the following table 4, 

[0105] Moreover, the width of face w of each quenching thin band is within the limits of 0.7-2.5mm, and 
thickness is 20-35 micrometers. It was within the limits and the diameter of average crystal grain in 
portions other than a huge dimple was within the limits of 15-30nm. 

[0106] In addition, HEARU gon gas was used for that to which, as for 400 or less thing, the Reynolds 
number exceeds gaseous helium, and the Reynolds number exceeds 400 as a controlled atmosphere as a 
controlled atmosphere. 

[0107] Next, a grinder (RAIKAI machine) grinds each quenching thin band in inert gas. Mean particle 
diameter is 15 micrometers (presentation B). 20 micrometers (presentation C) 18 micrometers 
(presentation D) It considers as magnet powder. One sort in this magnet powder, or two sorts or more 
(combination is indicated in a table 5), Epoxy resin 1. 9**0.1 wt%, hydrazine system antioxidant 0.15wt%, and 
stearate (lubricant) 0.05wt% were mixed, this mixture was fully kneaded (120 degree-Cx 10 minutes), and 
the constituent for bond magnets, (compound) was produced. 

[0108] Subsequently, this compound is ground, it supposes that it is granular, weighing capacity of this 



granular object is carried out. it is filled up in the metal mold of press equipment, and they are the material 
temperature of 130 degrees C, and pressure 6 ton/cm2. Compression molding (inside of a non-magnetic 
field) was carried out, and the Plastic solid was acquired. Heat hardening of the epoxy resin was carried out 
after mold release, and the cylindrical bond magnet (samples B1-B22) with a diameter [ of 10mm ] x height 
of 7mm was obtained. 

[0109] Here, two or more sorts of mixture (mixed powder) of the magnet powder used by samples B1-B11 
is used for that for which samples B1-B11 used one sort of magnet powder, and samples B12-B22. 
[01 10] The content (in the case of mixed powder, it is the content of the sum total) of the magnet powder 
in the bond magnet of samples B1-B22 was 97.9 - 98.3wt%. 

[0111] The magnetic properties (coercive force iHc and magnetic energy (product BH) max) of the 
obtained bond magnet were measured in maximum impression magnetic field 2 MA/m with the account 

fluxmeter of ******... - 

[01 12] furthermore — these bond magnets — 60 degree-Cx95%RH — the constant temperature by 500 

hours — the constant humidity trial was performed and corrosion resistance was investigated. This 

corrosion resistance distinguished the existence of generating of the rust in a bond magnet front face by 

viewing, and evaluated as a x mark what ** mark and generating of rust were notably accepted in in what O 

mark and generating of rust were accepted in a little in the thing without generating of rust. 

[01 13] About each bond magnet of samples B1-B22, magnetic properties and a corrosion resistance 

assessment result are shown in the following table 4 and a table 5, respectively. In addition, about each 

bond magnet of samples B1-B1 1, the rate of area which the Reynolds number at the time of quenching thin 

band manufacture and a huge dimple occupy is collectively shown in the following table 4. 
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[0115] 
[A table 5] 









IHc 
(UA/n) 


(BH) max 
(kJ/B') 






B 1 2 


B + D 

Sfitt 

= 1:1 


|^No.Bl+B9 


0. 57 


101.2 


O 




■ B 1 3 


No.B2->-B9 


0. 54 


1 00. 6 


O 




Bl 4 


tSJ^ N0.B3 + B1 0 


0. 50 


98. 1 


o 




Bl 5 


£«^No.B4 + Bl 1 


0. 20 


38. 9 


■ X 


item 


B 1 6 


C + D ^ 

SBtt 

= 1:2 


SOefNo.BS + Bg 


0. 87 


1 07. 8 


o 




Bl 7 


^Ko.B6 + Bg 


.0. 84 


1 06. 7 


o 




BIB 


6C|sJNo.B5 + B 1 0 


0. 8 6 


1 05. 4 


o 




Bl 9 


SSI4N0.B7+B1 1 


0. 53 


49. 2 


X 


imm 


B20 


B + C + D 

mma. 

= 1:1:1 


££|4No.Bl+B5-l-B9 


0. 75 


105. 8 


o 




B2 1 


Sifil4No.B2 + B6-l-B9 


0. 7 1 


103. 3 


o 




B22 


ii(tSlto.B4 + B8 + Bl 1 


0. 2 1 


40. 5 


X 





[0116] As shown in a table 4 and a table 5. each of samples B1-B3, B5-B7. B9, BIO, B12-B14, B16-B18. 
and bond magnets of this invention of B20 and B21 is more than coercive force iHc 0.35MA/m and 
magnetic energy (product BH) max. 50 kJ/m3 Corrosion resistance is also excellent while having the 
magnetic properties which were excellent with the above. 

[0117] The magnetic properties which were more excellent in especially the samples B12-B14 using mixed 
powder, B16-B18, and B20 and B21 are acquired. 

[0118] On the other hand, sample B4 and the bond magnet of B8, Bl 1. B15, B19, and B22 were those in 

which magnetic properties and corrosion resistance are inferior. 

[0119] 

[Effect of the Invention] As stated above, according to this invention, generating of a huge dimple can be 
controlled in a quenching thin band, equalization of magnetic properties can be attained, and the permanent 
magnet which therefore has magnetic properties and corrosion resistance excellent in the high mechanical 
strength can be offered. Moreover, such a magnet can be manufactured easily. 

[0120] By making small especially the maximum eccentricity of a cooling roller peripheral surface, the 
variation in the magnetic properties of a quenching thin band can be prevented effectively, and a 
permanent magnet with more excellent magnetic properties can be offered. 
[0121] Moreover, in this invention, such a magnet can be manufactured easily. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective diagram showing the example of a configuration of the equipment 
(quenching thin band manufacturing installation) which manufactures the magnet material of this invention. 
[Drawing 2] It is the cross-section side elevation showing the condition near the collision part to the 
cooling roller of the molten metal in the equipment shown in drawing 1 . 

[Drawing 3] It is the plan showing typically the condition of the gas stream (low Reynolds number) of the 
paddle circumference. 

[Drawing 4] It is the plan showing typically the condition of the gas stream (high Reynolds number) of the 
paddle circumference. 

[Drawing 5] It is the side elevation showing the maximum eccentricity of the pooling roller peripheral 
surface accompanying a revolution of a cooling roller. 
[Description of Notations] 

1 Quenching Thin Band Manufacturing Installation 

2 Barrel 

3 Nozzle 

4 Coil 

5 Cooling Roller 

51 Base ; ' . 

52 Surface Layer 

53 Peripheral Surface 

6 Molten Metal 

7 Paddle 

71 Coagulation Interface 

8 Quenching Thin Band 

81 Roll Side 

82 Free Side 

9 Huge Dimple 

10 Gas Stream 
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Is) ^^mLfcM-Cfofi). (L) T'«:b^tl5c 

[0 0 4 1 ] 
' [^1] 

V ♦ w 

R e = * • • I 



R e = 



[0 0 4 2] rrT% St (I) 4^. w\'t^m^:^:^ (;^ 

:^m.\o) comm. ^i^^m^-^^^'&^mwx^h^M^ 
[0 0 4 3] ^fbtc. ^m^is^^mmMwrn^-r^z- 

tmt-h. U^y/WXm (Re) (II) 

[0 0 4 4] 
[^2] 
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M 







[0 0 4 5] ::wT\ ^ (II) >t^. Mfl^H^;?/^^^^ 
ig [K] , P»i^[a^:^;^(OEE;^ [Pa] . R(1M^*::^ 

[0 0 4 6]y^^b\ #ia^;^;^;i5:T;f&1ii>tr>^.T'^?5*J 
5o ::ntimco/'?7;^"^/i5±< [W]-T'^. xt (II) ^ 

1 8 0 0 X^^ . --^y ^ A;t/>^.£OM/ n f^tSt^ 2 0 0 T' 

fe*?. m/'ti fi^y ^i^;^/xc;:^:^;ilS/£frJ&^^c/J^^l^ % 
^x.^')^j>,^7.^m\^'^hz.t^zx^. u^yyuXl^ 50 



y/i-xm^ 1 0 0 0JL^T^r5±-r\ i^<Dm^<Dm'm' 
P^J:'9:^#<i3::^i-5r i:) t^X^ht^^bm^. 

[0 0 4 7 ] tz.^x% M:^n^mm.mm.uz'i6\^^x 



(5) 



!^m^ 1 1 -2 7 7 1 8 8 



[0 0 4 8] ccoj: 9/^::^^P;^il:^5fci6(c:, 

3cD:i:^{i.L^SAR ([gl5#BS) ^# P^K-S 
Sco^l^ii:^ t c0 2fiS^i^T^t-6O^5$j^L< . 1. 5 

ibt;i$?^Lv\ rtit;i<i:'9. #f?;h./t^J*&»^8(75^^ 

-So 

[0 0 4 9] rrT% a:^{i'iL^S:AR(OTPmfi(i. 

0. 1 /zm ^S^-r^r ^;d5T'^6o 
[0 0 5 0] T^^rfc. ft^^>D»ARt^. if 

[0 0 5 1 ] :$i^m\:i:3rSnhm^Unt LTti. R (fc 

^<Dx^fj:^±mm^um'^mf^^. ?^£^ [i] - 
[4] <Dmf^(Dh<Dtm-^i.\^\ 

[0 0 5 2] [1] Sm^±t'r^^±m7cmt. c 

[0 0 5 3] [2] R (fcfcL. R\tY^^ts^^±m 
^mt. Bt^m^f^'j^t-t^hCD (^T. R-Fe- 

[0 0 5 4] [3] Sm^±ti-^^±m7€mt. F 
^^^f^-ir-rS (J^T. Sm-F e -N^-^^irm 

0) o 

[0 0 5 5 ] [4] R (fc^cL. RfiY^^if^±^ 
TC^co^ ^<7)/>/^< ^ 1^) ^ F e^tT^il^^Mdr ^ 

[0 0 5 6] Sm-C o?^^^<7)ft^^/^^(D^ LT 
tl. SmCos . Sm2 TMi? (fcfcLTMH, il 
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[0 0 5 7] R-F e -B^.^^(DiXm^^^J:'hCOtl.X 
fl. Nd-F e -B^-g^#, P r - F e -B^-g-^. N 
d-P r - F e -B^^^. C e - N d - F e - B ^-g^ 
C e -P r -N d -F e -B^-g-^, 

[0 0 5 8] Sm-F e-Nl^^^(Di-^m^^J:-h<Dtl. 
Tti. Sm2 Fei7 -^^^mtLXifMLtzS in2 
10 F e 1 7 N3 ;6i^(f PdH^o 

[0 0 5 9] tfj|B^±^5u^ <t LTfl. Y. L a . C 
e. Pr, Nd. Pm, Sm, Eu. Gd. Tb. D 
y. Ho, Er, Tm, Yb, Lu. ^ zi. ^ jUt^ 

5o ^fc. mmm^^mtv^xn. Fe, co. ni^ 

j^^^iltCft; C.B.Al,Cu,Ga,Si,T 
i. V, Ta. Zr. Nb. Mo, Hf, Ag, Zn, 
20 P. Ge^^'g-W^^^^'bT^^o 

[0 0 6 0] ]^±cDx^fm'^:^mii^^^nhti^^^ 

^c^oV^T. ^^^^ ^://w9/55#ffiLTv^?'cev^/i\ -^ti 

8 1 |C:J^V^T. 2 0 0 0 m J^±(Dg::^ 

•9. cfci9$?*L<ti5%l^Tr'fe»9. $ibt;i$?^b< 
3%i^TT-fc5o 

[0 0 6 1 ] ^i^c, ^.?^r»^8t:i, ®«;6^2 0 0 0 Mm 

[0 0 6 2] #.?fes^8co^i^jf:^ t m^im-^^n 

1 0-^5 0 L< . 1 5 — 4 0 ^ 

[0 0 6 3] }^±coXoti:m^'if^m^S^mW't^^:it\Z 
[0 0 6 4] ^^^#(7:>^&H. it#(CPI^^nT. 0iJx.tf^ 

mwmm. ^m^mm^m\^^xno :^ tt^-x^ ho :i(om 

mT im^itl XlO-^ -1X10-6 Torr ) . 

^:ffy^^o:)Xo^j:. $mit\±wmm.^xn o z t hX^ 

ho 

50 [0 0 6 5] ZCD^ofj:m^mm^t. m-t^f^coh<DCO 



(6) 



^mW-l 1 - 2 7 7 1 8 8 



9 

h(OX'hX\^\ m^i,-^. trJlE [1] — [4] (Dmfi^<Di^ 

[0 0 6 6] ^fc. m^B^<r>W'mtLm±. m^m'^^ 

0. 5-6 0 /im ^3;^^^^ L< . l~40^m^S;65 
[0 0 6 7] t^'-^^ m^Si^ 2mU±.0:>%Kj^<Dm^^M^ 

[0 0 6 8] ^fc. :^^m(om^^(om^unit. 
m^(om^j^ficm\^^hi^<Dx^^xh^^\ 

[0 0 6 9] «^tc, :2^^0^cO7}fV K^:H^coV^rt^£0^1- 
[0 0 7 0] Ka^fi. tija!c^«^^S>^^ 

[0 0 7 1 ] il^^mm (^M V^^^") ^ LTf:i. fi^il 

[0 0 7 2] m'^mmmmt lt*^. ^y^ti\ tki^t ^ 

K (m : -f--^ ^2^-6^ '^^n>-4 6, -^h-Y n >- 6 6 . 
n :x 6 1 0 s n > 6 1 2 . -^-f n 1 l , n 

>^i2, •:h^n>-6-i2, -^--Ynve-ee) . Sft "1 

T^y^^uv, :^Li:7'neuv, ^^U>'-i^^ 

^y ;<7-7jK^.— ^y ^^.'u^ y 
y :n^uv-r 1^:7^ u~ ?Ky ^ 4o 

h^co^Ky ^y^^— r^u. ;Ky^— 7^/U:n— 
■r-yu^hv. ;t?y ^ K. ;KyTir^-/u^, 

n.<^;i5^tf f^^, ^f\.h(Ob%0^\m^tz.\%2m 

[0 0 7 3 ] Ctl.ib(r:»3-bT*'b. fiicJf$tS;6^i}#tcStiT:*o 
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[0 0 7 4] ^(ry^ofm:^m.\^mm.\'t. ^omm. ^ 
[0 0 7 5] ia?j!{b'ti^^^g^ L-cti. m^^t. 

m^'h^hiy^X^h, 
[0 0 7 6] mbco3-^T't>. ^?f^tt;6S4^(C^tlT^o 

:s:^-^.^^ym%. y:x./-fvmm. ^y>r^ Ymm. '>y 
[ 0 0 7 7] \^m^f\.hwm\mMm (^^-fb) 

[0 0 7 8] e>;:c;2^^P^co7K:/ Ka^(i. 

m^m<o^m\^^'o . mm^-^fz.M^M'^^xwm.com^ 
[0 0 7 9] ^-^y Ym^^<Dm^n^(o^^m'%. s 2 

9 3^-9 9. 5wt%^STfe6 0;!)5^^^ U< . 
9 5-9 9wt%^g-eSD^<7:>/^5j: 

[0 0 8 0] m^%-^(n^^m^^>fs:'^^-h}i. m%m 
[0 0 8 1 ] ^(D^b^^^mm(Dif.i^Ym^\%^ ^o-^w-^ 

[0 0 8 2] 'tfSit>^. *^P^cO:df> K^^Efi. \Wmf) 
iHc L< (iO. 3 5MA/rai^±. J: 19 ^ L < 

0. 5 0MA/mi^±TSb5o 

[0 0 8 3] Ka^. m\z.%mM^xm^ 

L<tt5 0kJ/m3 Jl^±/ J: 19 1^?^ L< 7 OkJ/m^ 

[0 0 8 4] :^^0^(7:)4<> Ym^o-^m^. -^mm\±^\:i 



(7) 



^mW- 1 1 -2 7 7 1 8 8 
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12 



[0 0 8 5 ] 

[0 0 8 6 ] mmm i ) n& 99.9 %i^±(DN d . 

Fe. C o<0^^mt. F e -B^^ir^i^Jl^^ LT. 
^:^M^^^Ndi3 Febai. Co6 Bs. 5 

[0 0 8 7] mi \z.^^miii<DMjf^n^mmmm. i 

[0 0 8 8] -^(7?^, ^^l=F^(7)-t' V^:y^jv^ 

mm^mm-hm\^^^mmv. ^(Dmm^. isoorp 

m (/^iSS : 15. 7 rnXm XmU-i-^U^2 0 Om 

/^»^^#fCo ?:cjb\ ?^Snu-yKO^ffiSfi. SIM (J? 
$ 5mm) <Dh<Dt L^Co 



[0-0 8 9] ^fc. ;^^D-yU£;oiHl$S(^J:5?^ain-yu 

A R= 1 0 A/ ni r-feofCo 
[0 0 9 0] ^i-V^^— f^tdir :y h Lfc?a 

[0 0 9 1 ] :^ V y ^ XXim^J^ (^H) ^cO^ 

i^^m^^^LX. TIS^l(C,T^i-7oO^|^fAl~A 
7C0^/^^^^KitLfc« :^fc. AR=5 0^D] (>2 
t) Tfc5^i^*±|W]1^C0v^inn-/Kc5^mL. l^i^A6 
^(5f^f^^C0^#T'^^A8CD^^^^^>^KitLyc. ^ 

. [0 0 9 2] fj::^. #:tXlE^coitjMwjoJ:U^Jl^ t (i. 

[0 0 9 3] i'fm i^fz^mA 1 - A 8 <D^:^n^i,zm'r 

[0 0 9 4] ^fc. #^^*SS^^CoV^T. n-yu®^^ 
^^m^^^^ (SEM) T'M^L. ^ btcM^^tff^ 

ooojum^ i^±cog:^^:7^>f (J^T¥(- rg:^5:7=^ 

mi^&t'^xmi (c^^, 
[0 0 9 5] 
[^1] 





X a 




p 

(kPa) 


(m) 


(urn ) 


Re 


{%) 


m ^ 


Al 




25 


53. 3 


0. 9 


26. 3 


84 


0 




A2 




19 


88. 0 


2. 0 


30, 8 


308 


0 




A3 




23 


56. 9 


0. 8 


25. 3 


700 


0 




A4 




20 


48. O 


1. 2 


27. 7 


885 


2. 5 




A5 




1 7 


65. 1 


1. 0 


26. 8 


1000 


5. 0 




A6 




27 


88. 0 


0. 8 


25. 9 


1082 


8. 7 




A7 




2 1 


66. 7 


2. 0 


31. 0 


2050 


1 5. 3 




AS 




1 8 


87. 0 


0. 8 


24. 8 


1080 


9. 5 





[ 0 0 9 6 ] ^ 1 ^^(bt:*^^^ J: ^ u-f y yuX^;i>s i 
0 0 Ol^TXh^UmA 1 --A5<DMif^n^\Z^^^X 

[ 0 0 9 7 ] CiTutC^L. U'-f' y/UX|^;iU 0 0 0^^ 

x^^ijj^A e—AST'ii, u^f^^-yj^cD^^^mm 50 



'il^fl:AR;65::^ctV^K^A8^±. ^lifA 6 (cit-<. ^^t" 
[0 0 9 8] U,P^A 1 -A 8 C7)##.^^^^^^-ol^ 



13 



(8) 



f^mW-l 1 - 2 7 7 1 8 8 

14 



[0 0 9 9 



[1^2] 



Ism No. 


Re 


1%) 




iHc 
(UA/di) 


(BH) max 
(kJ/m") 




Al 


84 


0 


1 9 


0.. 90 


132. 0 




A2 


308 


0 


24 


0. 88 


13 1.8 




A3 


700 


0 


22 


0. 86 


137. 8 




A4 


885 


2. 5 , 


26 


0, 84 


127. 8 




A5 


1000 


5. 0 


29 


0. 79 


126. 5 




AS 


1082 


8. 7 


32 


0. 4 8 


65. 6 


yam 


A7 


2050 


1 5. 3 


35 


0. 38 


50. 3 




A8 


1080 


9, 5 


30 


0, 43 


59. 8 





[0 1 0 0] ^2;b^^:b75>5J:9tC, / /U><^-d^ l 
0 0 Oi^TX-^^UmA 1 ~A5(7)^.?ft»^tCOl>T 

^y/WX^;65 9 0 Oi^TcO:^'^(Cti^ ^tC^CD^tt;!>5f^ 
< . l/^ y/uXic:aW 0 OJ^TcO^^tcfi. ^mti^*^ 
0. 8 5MA/nil^±. aS^:3i^./U:^-^(BH)max 3 0 

[0 f o 1 ] ftttcML. y/i-Xic^u 0 0 0^^ 

X.^^f^AS—ASt^i. Ki^Al~A5tClt-<. 
:^fi'L^fiAR;55;^#i/^f^:tifA8(i, ^Jpl-A 6 (cit-^, m 
[0 10 2] (^iS0'J2) ^3tC^i-m^B. C:^^n 

L. AR= 1 5 jum ) tClLT. 1 1 Sc0^^^f^^^Mi^ 

[0103] 
[^3] 





N d4. > F e D.I. C o f B IB. B 




NdioPrB.B Fen.i.Nbi B... 




N da F e».i. G as. > B. 



[0 10 4] Ci^b^cov^T. ttllSi:i^1t(cLT. u-f 

[0 1 0 5] ^fc. ^-^./^r^^tT^liSwIi, 0. 7-2. 
5mm(7)®iaf^s Jl^fi^ 2 0 ~ 3 5 m (75|5llF^T$> 

ti. 15 — 3 OnniCD^ISF^T'foo^Co 



[0106] 7'^:Jb\ y /l-X^;?>5 4 o 0 )^T(D 

[0 10 7] m^. ^M'/^n^^mwm {=7^ti^m 

(m^B) , 20juia (M^i^C) . iSjum (^Jt^D) 
1. 9±0. lwt%t. t K^i^V^g^^bKlt^JO. 1 

5wt%^. ;:^xry>^i^ mmm) o. 0 5wt%^^ 

fl-^L. rtT^^-g-il^^+^^t;!^?^ (12 0rxi0 5^) 

/-Co 

;[ 0 1 0 8 ) ^^s^:v^T^ w(7>=i>-^'^'^ v K^*^#LTJfei^ 

*tWSl 3 Ot:. JE;^6ton/cm2 T'Ji^^?]^ 

mmmit^^X. mMl OmmXi^^ 7 mmC^R >- 
(^ilBfB 1-B 2 2) ^^#fCo 
[0 1 0 9] :irT% ^im-B 1— B 1 1(±, lMt7)^;E 
^^^m\^^fz.h<0^ W^B 1 2— B 2 2li. ^i^B 1 - 

Bi \xm\^^f:Lm:^^^<D2m\^j.±(om.'^m {u^n 

[0 110] ^i^B 1-B 2 2C0?K>' K^^'l3£7:)j^;^g^ 
97. 9-9 8. 3wt%T'foo/Co 

[0 1 1 1 1 #^;n./c;t^:/ m^ETcT^as^^^t* mmt^i^ 

•9 ^:^fn^)0^^ 2 MA/nitCT i'j;^ L/^io 
[0 112] ^h\Z., Cl^bCO/KV K^^^^CO^/^T. 6 
Ot:x 9 5%RHT5 0 0 B#fa^* T'^T^tlt^tlM^^^tT 



(9) 



nmW-l 1 - 2 7 7 1 8 8 



15 



16 



[0113] 1 ~B 2 2(D^7^> Fm^idol^ 



[0 114] 



[Oil 



No. 


li fSL 


Re 




i H c 


CRHI max 






B 1 


B 


72 


0 


0. 4 2 


7 5. 1 






B2 


355 


0 


0. 39 


73. 6 


o 




B3 


860 


2. 3 


0. 38 


71. 5 


o 




B4 


1132 


9. 8 


0. 10 


25. 3 




imm 


B5 


C 


135 


0 


1. 06 


84. 2 


O 




B& 


556 


0 


1. 02 


81, 3 


o 




B7 


1325 


12. 6 


0. 71 


45. 1 


X 




B8 


2 118 


18. 3 


0. 55 


40. 2 


X 


tmm 


Bg 


D 


223 


0 


0. 7 2 


120. 3 


O 




BIO 


789 


0. 7 


0. 70 


118-5 


o 




B 1 I 


12 29 


10. 5 


0. 3 3 


60. 1 


,..„... ...,.x 




15] [ffe5] 










IHc 
IWb) 


(BH) max 




m % 


Bl 2 


B + O 

Sfitb 

= 1:1 


No. 6 1+69 


0. 57 


101. 2 


o 




Bl 3 


N0.B2 + B9 


0. 54 


1 00. 6 


o 




Bl 4 


^ No. B 3 + B 1 0 


0. 50 


9 8. 1 


o 




Bl 5 


ISPf No. B 4 + B 1 1 


0. 20 


38. 9 


X 




Bl 6 


C + D 

SBtb 

= 1:2 


IQEf No. B 5 + B 9 


0. 87 


1 07. 8 


o 




B 1 7 


Ko. B 8 + B 9 


0. 84 


106. 7 


o 




Bl 8 


aiPf N0.B5+B 1 0 


0. 86 


105. 4 


o 




Bl 9 


im N0.B7+B 1 1 


0. 53 


49. 2 


X 




B2 0 


B + C + D 

mmt 

=1:1:1 


iS!|4No. Bl-hB5 + B9 


0. 75 


105. 8 


O 




B2 1 


SmNo.B2 + B6 + B9 


0. 7 1 


10 3. 3 


O 




B22 


im N0.B4 + B8 + B 1 1 


0. 2 1 


40. 5 


X 





[0 1 16] ^4:*b^J;U^^5/j>^:b7'j^5 J: ^$i[-B 4,8 1 6~B 18. B 2 0. B 2 1 (D:^mmo:>ni>' 

1~B3. B5'-B7. B9. BIO, B12~B1 so M^it. \^^'ftlh. •f^r^:;^iHc 0 . 3 5MA/niJt^±. 



(10) 



!^m^l 1 - 2 7 7 1 8 8 
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;n^.yl.:3f^-^(BH)max ^^5 5 OkJ/ni^ i^±^. mtltzM 

[0 117] it^d. ^ii'&^Tfe^^fflV^/L^f^B 1 2-B 1 
4, 616-818. B20. B21*i, X ^ MMzm 

[0 118] rt^tC>EtL. urns 4^ B 8. B 1 1 . B 
15. B19, E 2 2(D7iily mn.^^:iSXV^ 

[0 119] 

[0 1'20] ^tC, ?^ii]n— >'l'Jl|®<DS:^{i'il^S^/J^^ 

[0 12 1] ^/t. :^m^xn. z(DX otf^m^^m^ 20 

[l§i®cD^^;^^^P^] 

[mi] :^mm<Dm:^un^mm'rhmm: (m:^m^m 
im2] mi\:i^-tmm\^^n^mm(o'^Mv^—/u^(D 
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[[Kl4] y<h'^i'mm(D:0:7.m (f^L-^ y /t-X^) c?)tfcfil 

[IE] 5] J^aio— yU(D[H]te(Cff ^?ftinn— yUj^DicO^:^^ 
{i'L^ft ^Tj^-t^RiJ SI! T 6 . 
[rf-^<7:)f^P>^] 



1 ^./^S^Miti^M 

2 f^f$: 

3 y X/u 

5 1 

5 2 ^ffiH 

5 3 mm 

6 

7 K/P 

7 1 mmnm 

8 

8 1 n— yW® 

8 2 ^ y — ® 

9 ^i^v'-cyy'/i^ 
1 0 



imi] 



ims] 



^mW- 1 1 - 2 7 7 1 8 8 



im2] 




(51)Int.Cl.'^ 

H 0 1 F 1/06 
1/08 

// B 2 2 F 1/00 



F I 

B 2 2 F 1/00 

C 2 2 C 38/00 

H 0 1 F 1/06 



Y 

3 0 3 D 
A 



(12) mnW-l 1 -2 7 7 1 8 8 



C 2 2 C 38/00 3 0 3 1/08 



